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The determination of whether two surfaces are bonded or unbonded is 
commonly evaluated using conventional ultrasonic transducers which are 
phase sensitive and are, therefore, very sensitive to surface irregular-
ities. More often than not, interfaces are not flat, but irregular and 
uneven. Thus, another technique is required to test those interfaces. 
This is the condition for some of the bondlines that need to be 
assessed in NASA's solid rocket motors (SRM), an example of which is 
i1lustrated in figure 1. In figure 1a, each SRM motor segment has a 
layer at both ends called an inhibitor. It is important that this layer 
be bonded to the fuel for even burning at the segment ends. A close up 
of the inhibitor layer is seen in figure 1b. The material that bonds 
the inhibitor to the fuel is called the liner. The liner is thick (-0.1 
- 1.0 cm.) and it is uneven at the fuel interface. The thickness of the 
liner can change rapidly over a few millimeters of lateral distance. 
The source of the problem for ultrasonics is shown in figure 2. 
Solid Rocket Motor 
a) b) 
A simplified drawing of the location of the inhibitor. Fig. 1. a) 
b) A close up of the inhibitor-liner-fuel bond line roughness. 
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This figure, shows a comparison between a conventional pulse echo 
system's response to a planar interface and a rough interface. For the 
planar case, the wave fronts are not distorted and the reflection 
coefficient from a disbond would be quite evident. Since standard 
piezoelectric transducers are sensitive to the wave front geometry, a 
rough interface will produce signal artifacts due to phase 
cancellation. [1-7] Also, some of the energy is reflected away from the 
transducer's face . Furthermore, some of the ultrasonic wave is mode 
converted at the interface which also leads to signal loss. 
Our objective is to develop a method that is insensitive to some of 
these loss mechanisms, and to more accurately estimate the coefficient 
of reflection. Our approach is to demonstrate a method that addresses 
two of the aforementioned problems, the phase cancellation problem and 
the beam steering problem. 
One possible solution to the problem of the phase sensitive nature 
of conventional transducers is to consider using lower frequencies, 
since phase cancellation problems are reduced at longer wavelengths. 
Unfortunately, the time resolution of the signals will suffer at lower 
frequencies, and for thin layers, the echoes will overlap causing 
disruption of conventional techniques . Another solution to the problem 
is to consider using a phase insensitive transducer[1-4,6,8-12]. There 
are several methods to attain a phase insensitive transducer response. 
Semiconductor, piezoelectric material such as CdS will have a response 
that is phase insensitive in nature[1-4,6,8,9]. This approach is often 
very awkward to implement and the transducer's sensitivity is lower than 
the sensitivity for conventional piezoelectric transducers. Another 
method to approximate a phase insensitive transducer is to use an array 
of piezoelectric elements each of which are small compared to the 
wavelength, and are therefore relatively phase insensitive by virtue of 
their small size[1,9-16]. Each of these elements would be processed 
independently, and then summed in a phase insensitive manner. 
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Fig. 2. A comparison of the ultrasonic reflection from a smooth surface 
and a rough surface. 
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A possible simple solution to the reflection artifact from a rough 
interface is to use a receiving transducer that is large in 
area. [7,9,10,11,15] By subtending a large angle on the received signal, 
one tries to ensure that the energy is still incident on the transducer 
face and is not lost. 
Figure 3 i1lustrates, the proposed idea. This array would be used 
as the pulser in a conventional pulse echo system. The reflected 
signals would be distorted and scattered away from its original 
direction, but the array would be less sensitive to the phase 
cancellation artifacts, and its large size should capture most of the 
reflected wave. 
In order to investigate this as a possible solution we emulated a 
large area array which treated the received signal in a phase insen-
sitive manner. These results were then compared with a conventional 
pulse echo measurement system. 
MEASUREMENTS 
We measured two types of sampies. One type was cut from sections of 
the inhibitor-liner-fuel system that is used in NASA's solid rocket 
motor system and which has a rough interface. We also measured a sampie 
that was specially fabricated with a smooth inhibitor-liner-fuel 
interface. The measurements were performed in a water tank and the 
sampies were measured in a C-scan format. The step sizes of the C-scans 
were 0.5 cm in both the x and y directions. WeIl bonded and unbonded 
regions were measured. 
To emulate a phase insensitive array as if it was a pulse echo 
system, we used a standard transducer as a transmitter and a small 
point-like piezoelectric transducer as a receiver in a pitch-catch mode 
on one side of the sampie. The transmitter and receiver were set at 
oppcsing angles of about 150 from normal. This was physically the 
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Disbond at a Rough Interface 
Fig. 3. The concept of a phase insensitive array for detecting disbonds 
at a rough interface. 
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shallowest angle obtainable for the size of the transducers and their 
distance from the target being tested. This one point-like receiver was 
translated to each of 49 locations of a seven by seven point square 
array. The receiving array positions were spaced by 0.5 cm in each 
dimension to cover an effective aperture of approximately 3 cm by 3 cm. 
The measurement system is briefly outlined in fig. 4. We used a 2.54 
cm. diameter, 1 MHz transducer with a 10 cm. focus for the transmitter. 
The receiver was a 0.08 cm. diameter, 1 MHz planar transducer. The 
transmitter was driven by a square wave pulser which was tuned to 
provide a relatively broadband pulse measured at the receiver. The 
received signal was amplified and the signal that emanated from the 
liner to propellant bondline was gated out, rectified and detected for 
the peak height. The data was combined to yield a single phase 
insensitive image representing the result of a simulated two-dimensional 
array receiver whose output was the sum of the peak energies of its 
array elements. 
Scans from similar regions of the samples were made using a 
conventiona1 pulse echo system for comparison. The same transducer 
which was used for the transmitter of the array scans was used for the 
pulse echo transducer. 
In the C-scan imagesthat were generated for both the array system 
and the conventiona1 system, a threshold level was selected to produce 
image contrast which reflected the maximum sensitivity to the defect, 
yet maintain high specificity for the bonded regions. Sensitivity to an 
unbond defect was defined as the percent of the unbond region that was 
correct1y identified as unbond, and specificity to the bonded regions 
was defined as the percent of the bonded area that was correctly 
identified as bonded. 
RESULTS 
To illustrate how well the system functioned on smooth interfaces, 
we measured a samp1e that was constructed of inhibitor-liner-fuel 
Transmitting 
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Fig. 4. A flow chart of the equipment used to emulate the phase 
insensitive array. 
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materials, and with a smooth interfaces. A 0.076 cm. thick brass, wedge 
shaped shim was built into the sample at the liner-fuel interface. This 
shim was removed to leave an obvious unbond. Figure 5 shows a drawing 
of this sample. The inhibitor was 2.54 cm. thick, the liner was 0.127 
cm. thick, and the fuel layer was several inches thick. The sample was 
approximately 20 cm. by 20 cm. across the face. 
Figure 6a. shows the image produced by measuring this flat sample 
using the pulse echo system. This figure shows three groups of signal 
level. There is the unbonded signal level shown as white which 
highlights the wedged shaped disbond at the liner to fuel interface, the 
bonded signal level shown as grey and a third level shown as black which 
borders the disbond. Although this dark halo highlights the defect in 
this case, it is an artifact that is not correct. It is actually a 
phase cancellation artifact that occurs at the edge of the disbond and 
results from the geometry of the thickness of the wedge. 
For comparison, figure 6b. shows the image produced by measuring this 
same sampie with the phase insensitive array system that we generated. 
Again the wedged shaped defect is clearly illustrated by the white area 
and the bonded signal level shown as grey". There is no evidence of the 
halo effect seen in 6a. This illustrates that the phase insensitive 
array system does handle phase cancellation properly. 
An example that illustrates the improvement that was achieved by 
using the phase insensitive array is shown in figures 7-8. To create an 
obvious disbond at the rough liner to fuel interface, we excised the 
fuel completely from the liner over an area 7.6 cm. by 7.6 cm. We 
further removed a small portion of the liner (2.5 cm by 2.5 cm.) from 
the sample at one edge. This should create an image that would be 
distinctive. Figure 7 shows a schematic of the sample. The inhibitor 
was approximately 1.6 cm thick. The liner va ried from about 0.1 cm. to 
about 0.4 cm. in the regions interrogated. We set our electronic gate 
to detect only the liner to fuel disbond. This measurement should 
generate an image that corresponded to the white areas illustrated in 
figure 7. There was also a defect created to the right side of the 
image which would help the viewer with the orientation of the image. 
Fig. 5. A diagram of the smooth inhibitor-liner-fuel sample. 
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Fig. 6. a) The C-scan image of the smooth sample using a standard 
pulse echo system. b) The C-scan image of the smooth sample 
using a phase insensitive array system. 
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:Fig. 7. Drawing of the inhibitor-liner-fuel section showing the disbond 
region. 
Figure 8a shows the C-scan image made using a standard phase 
sensitive system. The thick outline indicates the area of the disbond 
region. The area within the outlined region appears very spotted. We 
selected the white level as the optimum level to give the highest 
sensitivity to the detection of the defect, yet also to have a high 
specificity and not to select obviously bonded regions as unbonded. 
This resulted in about a 42% sensitivity for a disbond using a 
conventional system. 
In figure 8b, the C-scan image was made using the phase insensitive 
array system. The outline indicates the areas of the disbond regions. 
In this case, the area within the outlined regions appear more uniformly 
highlighted. As before, we selected the white level as the optimum 
level to give the highest sensitivity to the detection of the defect, 
yet also to have a high specificity to the bonded regions. This 
resulted in a 79% sensitivity for the phase insensitive array system 
when applied to this sample. 
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a b 
Fig. 8. a) The C-scan image of the rough interface sample using a 
standard pulse echo system. b) The C-scan image of the rough 
interface sample using a phase insensitive array system. 
DISCUSSION 
Nondestructive detection of the inhibitor to liner to fuel bondlines 
at the ends of the solid rocket motor segments is a critical problem to 
the Space Shuttle's safety. Standard pulse echo techniques lack high 
sensitivity to the bondline integrity in the presence of surface 
roughness because of several artifacts. Two artifacts that we addressed 
in this work are phase cancellation at a phase sensitive transducer, and 
signal loss because of signal reflection away from the receiver. 
Significant improvements in the detection of disbonds at the 
interface of layers with rough surfaces was achieved with a large 
aperture phase insensitive array technique as compared with a standard 
pulse echo system. In the samples tested, the system improved the C-
scan image degradations of phase cancellation and resulted in an 
improvement from 42% to 79% in the rough interface sample that we 
tested. This factor of 2 improvement was also observed in other samples 
of inhibitor-liner-fuel that we measured. 
If one further adjusts the threshold levels to increase the 
sensitivity to the disbond, in a standard pulse echo system, regions 
remote to the disbond area start to become highlighted as defective when 
they are not, so that overall accuracy is degraded. In contrast, when 
using the phase insensitive array system, if the threshold level is 
modified the areas near the disbond are highlighted and although this 
would lead to a misjudgement of the size of the disbond, it would still 
detect the approximate location correctly. 
We feel that a prototype instrument that used an array rather than 
the manipulation of a single element as was done for this study would 
probably improve further the phase insensitive array system's response 
and remove some the the noise that is prevalent with the single receiver 
technique. Operating in a pulse echo mode and being perpendicular to 
the sample rather than a pitch catch mode and having the transmit and 
receive transducers at a shallow angle should also lead to improvements 
in performance. With this in mind, we are currently aiding in the 
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design and manufacture of a complete phase insensitive array system for 
application to the shuttle. 
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